Cell-free extracts from gibberellic acid-treated barley (Hordeum vulgare L. cv. Himalaya) aleurone layers show phosphorylcholine glyceride transferase activity greater than that from control layers. The increase in activity is not prevented by a mixture of amino acid analogs nor by cordycepin under con-ditions in which it is demonstrated that the analogs and the cordycepin are entering the cells in effective concentrations.
Gibberellins control the production and secretion of hydrolases in barley aleurone cells (19, 22) . At least three of these hydrolytic enzymes, a-amylase (9) , protease (12) , and ribonuclease (1), are synthesized de novo in response to added gibberellic acid. This synthesis begins after a lag period of 8 to 10 hr. Earlier changes, such as proliferation of rough endoplasmic reticulum (14) , enhanced incorporation of "4C-choline into a fraction containing endoplasmic reticulum (5), enhanced polysome formation (6) , and increased incorporation of 3P into phospholipids (15) , begin about 4 hr after GA3 application.
Enhanced activity of phosphorylcholine cytidyl transferase (EC 2.7.7. 15) and phosphorylcholine glyceride transferase (EC 2.7.8.2) is observed within 2 hr after GA3 has been added (13) .
The GA3 enhanced activity of the two enzymes involved in lecithin biosynthesis was partially inhibited by cycloheximide and by actinomycin D (13) , but high concentrations of mannitol (0.8 M) prevented the incorporation of labeled amino acids into proteins in the aleurone tissue (2) , whereas the enhancement of the activity of the two transferases by GA3 was not inhibited (16) . The tively, but it might also be related to some of the known side effects of these inhibitors, namely inhibition of respiration by actinomycin D (17) , inhibition of glycolysis by actinomycin D (11) , inhibition of inorganic ion uptake and oxidative phosphorylation by cycloheximide (4), inhibition of absorption of orotic acid, uridine and cytidine, and their conversion to RNA cytidylic acid by cycloheximide (20) . In some cases, even enhancement of enzyme induction was caused by actinomycin D (8, 21) .
Because the enhanced activity of these two enzymes is the earliest known response of the barley aleurone to GA3, it is important to establish whether protein synthesis is involved in this early response.
We tested the requirement of protein synthesis for the GA3-dependent increase in the phosphorylcholine glyceride transferase activity by using amino acid analogs known to be incorporated into proteins. The rationale is that enzymes synthesized in the presence of the amino acid analogs would be nonfunctional due to extensive substitution of the analogs for the normal amino acids, whereas enzyme activities that increase due to activation should not be affected by the presence of these analogs.
The nitrate-dependent increase in nitrate reductase activity (8) was followed as a control to test the effectiveness of the amino acid analogs in preventing the formation of a functional enzyme.
MATERIALS AND METHODS
Seed Preparation. Barley seeds (Hordeum vulgare L. cv. Himalaya, harvest 1969) were cut twice transversly, so that the complete embryo and the opposite tip were removed. The embryo-less half-seeds were imbibed for 3 days at 25 C as described by Chrispeels and Varner (3) . One hundred half-seeds were placed in 250-ml Erlenmeyer flasks containing 20 ml of 20 mM Na succinate buffer (pH 4.8) with or without 1 mM GA3. The flasks were placed on a rotatory shaker (120 cycles/ min) at 28 C for 4 hr. After incubation, the half-seeds were washed three times with ice-cold, deionized and double distilled water. The aleurone layers were stripped from the half-seeds with the aid of two spatulas and collected in 25-ml Erlenmeyer flasks containing cold deionized and double distilled water.
Enzyme Preparation. Twenty-five aleurone layers were ground in mortars which contained 1 g of sterilized sea sand and non-GA5-treated aleurone layers were used, they were made of equal volumes of the filtrates. The filtrates were centrifuged for 10 min at 500g. The pellet which contained cell debris or even complete cells was discarded, and the supernatants were transferred to centrifuge tubes and centrifuged again for 30 min at 44,000g. The pellets were suspended gently in resuspension buffer (10 mm tris HCl (pH 7.0), 0.3 mM MgCl2); 0.4 ml of buffer for a pellet was derived from 25 layers.
All enzyme activities reported in this paper were determined in the 44,000g pellets; however, whenever mixtures of GA3-treated and non-GA3-treated aleurone layers were used, they were made by mixing equal volumes of the two filtrates, and were then subjected to the 500g and the 44,000g centrifugation steps. All procedures were conducted at 0 to Ferrari and Varner (7) . Whenever amino acid analogs or cordycepin were used, they were added into the incubation medium before the half-seeds were introduced into the flasks. Thin Layer Chromatography. The product of the incubation of labeled CDP-choline with the enzyme preparation was identified by TLC. The TLC plates used were coated with silica gel (Silplate-F-22 by Brinkmann instruments) and activated by heating at 105 C for 20 min. Three hundred ,ul of the lower phase from the chloroform-methanol extraction were applied to the TLC plate. A sample of L-a-lecithin (Sigma) was applied on a separate spot as a marker. The plates were developed in chloroform-methanol-ammonia (65:35:5).
RESULTS AND DISCUSSION Under our assay conditions for phosphorylcholine glyceride transferase the amount of 14C-CDP-choline incorporated into lecithin is directly proportional to the quantity of enzyme preparation used (Fig. 1) . The chloroform-methanol extract was checked on TLC plants with L-a-lecithin (Sigma) as a marker. All of the radioactivity coincided with the marker lecithin. The time course of the reaction is shown in Figure 2 . These results (Figs. 1 and 2 (13) that GA3 causes an increase in the activity of phosphorylcholine glyceride transferase.
The amino acid analogs had no effect on the GA3-dependent increase in the phosphorylcholine glyceride transferase activity (Table II) , but did inhibit the nitrate-induced formation of nitrate reductase (Table III) . We thus conclude that the analogs enter the cells in effective concentrations, and that protein synthesis is not required for the GA3-dependent increase in phosphorycholine glyceride transferase activity. This inhibitory effect cannot be due to a nonspecific effect of the analogs because the corresponding amino acids do not effect the formation of nitrate reductase. Also, the inhibitory effect of the amino acid analogs on the induction of this enzyme is reversed by addition of the corresponding amino acids (Table IV) .
If protein synthesis is not required for the GA3-enhanced phosphorylcholine glyceride transferase activity it is not likely GIBBERELLIC ACID 815 that RNA synthesis is required. We tested the effect of cordycepin because it had been shown that cordycepin is much more effective than actinomycin D as an inhibitor of RNA synthesis in barley aleurone (10) . Cordycepin did not inhibit the GA3-induced increase in phosphorylcholine glyceride transferase activity (Table V) , whereas it did inhibit the nitrate-induced formation of nitrate reductase (Table III) . We conclude therefore that cordycepin, like the amino acid analogs, Table V . Effect of GA3 and Cordycepin on Phosphorylcholine Glyceride Transferase Activity in Barley Aleurone The enzyme was prepared from aleurone layers after 4 hr incubation of half-seeds. The controls were equal to 1162, 2246, and 1175 pmoles lecithin formed/hr. 100 layers in three different experiments respectively, each one with two replicates. Because of large differences in the absolute pmoles of lecithin formed in different experiments, the control in each experiment has been taken arbitrarily as 100%7o and the treatments effect was compared on a percentage basis in each experiment separately, so that the standard deviation for the treatments would be calculated. The enzyme was prepared from aleurone layers after 4 hr incubation of half-seed in the solutions shown. Whenever GA3 or ABA were used they were added to the incubating media at zero time. Mixtures were made out of equal volumes of crude homogenates prepared from the tissue incubated in the specific solution. enters the cells in effective concentrations and that RNA synthesis is not required for the GA3-dependent increase in phosphorylcholine glyceride transferase activity. Although the evidence we already had, indicated that protein synthesis was not involved in the activation of the enzyme, we tested this possibility by an entirely different approach. We mixed equal amounts of homogenate extracted from GA3-treated tissue with homogenate extracted from control tissue. The rationale behind this was that if protein synthesis was involved the observed activity would be a simple addition of the activities contributed by each of the homogenates separately, but if the GA3 treatment activated an existing inactive form of phosphorylcholine glyceride transferase the observed activity might be other than the additive expected value. Experiments with such mixtures are shown in Table VI . These results indicated that some kind of activation is involved. Although nothing is known yet about the mechanism of activation, it appears that the 44,000g pellet extract of GA3-treated tissue does contain an increased amount of some activating factor which results in an activation of phosphorylcholine glyceride transferase in a mixture of the treated and control tissues. However, ABA is able to inhibit the GA3-dependent activation both in the GA3-treated layers and in the mixture made from homogenates of the two sources as demonstrated in Table VII. 
